upon intramolecular cyclization gives bis-1,2,3,4-tetrahydroquinoline derivative -4,4`-(1,4-phenylene)di(1,2,3,4-tetrahydrobenzo[f]quinolin-2-ol).
Introduction
The chemistry of 1,2,3,4-tetrahydroquinolines is of interest among many investigations during recent years. The growing interest in them can be explained by their biological activities. Substituted tetrahydroquinolines are the core structures in many important pharmacological agents, [1] [2] [3] [4] [5] many relatively simple synthetic 1,2,3,4-tetrahydroquinolines are already in use or have been tested as potential drugs. [6] [7] [8] Besides pharmaceutical applications, tetrahydroquinoline derivatives are useful as pesticides, 9 antioxidants, 10 corrosion inhibitors, 11 and active components of various dyes. 12 In addition, they also have found application in modern recording technologies. 13, 14 Consequently, synthesis methodologies for preparing tetrahydroquinoline derivatives have attracted considerable interest and several methods offering good results have been reported. 15 The nature, number, and relative location of the substituents are the key parameters to consider before choosing a method. Until now, much attention has been paid to the development of synthesis of monofunctional 1,2,3,4-tetrahydroquinolines, but the bifunctional 1,2,3,4-tetrahydroquinoline derivatives have been seldom investigated.
Recently, during our ongoing research program on the study of interaction products of epichlorohydrin with aromatic amines, we have found that 3-hydroxy-1-phenyl-1,2,3,4-tetrahydroquinoline can be prepared from N-2,3-epoxypropyl derivative of diphenylamine, or directly from diphenylamine by heating it with excess epichlorohydrin. [16] [17] [18] The formation of tetrahydroquinoline core from diphenylamine has been proved to occur via the intermediate N-(3-chloro-2-hydroxypropyl)diphenylamine. 19, 20 This prompted us to apply these procedures in developing the synthesis of a bifunctional condensed tetrahydroquinoline derivative from N,N`-
. We expected electrophilic attack of the aliphatic side chains in 2 and 3 on the o-position of the phenyl or naphthyl moieties, thus leading to intramolecular cyclization to two condensed tetrahydroquinoline rings hereby giving compounds 4 or 5 (Scheme 1). 
Scheme 1
First, the reaction of N,N`-di(2-naphthyl)-1,4-diaminobenzene with epichlorohydrin in the presence of KOH at 25-30 °C was carried out and 2 was obtained in 62 % yield. It should be noted that all our attempts to isolate the desired tetrahydroquinoline derivative under the reaction conditions described in Ref. 16 were unsuccessful. Then, compound 3 was easily obtained by the action of dilute hydrochloric acid on the diepoxy compound 2. The following cyclization of 3 was performed in refluxing 1-hexanol for 7 hours to give a final product. TLC monitoring during the course of the reaction showed two products, one of them (presumably monofunctional) gradually blending in favour of the other (bifunctional). It was found that the reaction time could be reduced up to 3 hours by changing the reaction solvent to more polar o-dichlorobenzene. The product crystallized out after the solvents were removed. Since we could expect two possible tetrahydroquinoline products (4 or 5), depending on the direction of cyclization, the structure was resolved from the spectral data. Additionally, the structure of 4 was confirmed by further acetylation it with acetic anhydride to give 6.
It should be noticed, that the same bifunctional compound 4 is formed directly from 1, being refluxed in the excess of epichlorohydrin and acetic acid, but with a very low 9% yield, compared to 45% for the proposed method.
Conclusions
In conclusion, intramolecular cyclization of
Experimental Section
General Procedures. The NMR spectra were taken on a Varian Unity Inova spectrometer (300 MHz for 1 H and 75 Hz for 
N,N'-Di(2-naphthyl)-N,N'-di(2-oxiranylmethyl)-1,4-diaminobenzene (2).
A mixture of N,N'-di(2-naphthyl)-1,4-diaminobenzene (1) (27 g, 0.08 mol) and epichlorohydrin (125 mL, 1.6 mol) was stirred vigorously for 20 h at 25-30 °C. 85% powdered KOH (124 g, 1.88 mol) and anhydrous Na 2 SO 4 (43 g, 0.3 mol) were added in 10 equal portions every 30 min with prior cooling of the reaction mixture to 30 °C. Then the reaction mixture was extracted with ethyl acetate. The organic layer was dried (MgSO 4 ) and filtered. Ethyl acetate and excess of epichlorohydrin were removed under vacuum and the residue was dissolved in acetone. The crystals formed upon standing at -5 °C temperature over the night. The crystals were filtered off, washed with 2-propanol and recrystallized from acetone to yield compound 2 (22 g, 62%), mp 118-119. 5 N,N'-Di(3-chloro-2-hydroxypropyl)-N,N'-di(2-naphthyl)-1,4-diaminobenzene (3) . 2 (5 g, 0.01 mol) was dissolved in dioxane (13 mL) and concentrated HCl (2 mL) was added dropwise. The reaction mixture was stirred at room temperature for 2.5 h. After termination of the reaction, the reaction mixture was treated with ethyl acetate and washed with distilled water until the wash water was neutral. The organic layer was dried (MgSO 4 ), filtered and the solvents were removed. The residue was purified by column chromatography (acetone/n-hexane: 1/4) to afford 3 (4 g, 69 %); IR (KBr, cm 
-tetrahydrobenzo[f]quinolin-2-ol) (4).
A) 3 (4.6 g, 8 mmol) was refluxed under the argon in 1-hexanol (15 mL) for 7 h. After the reaction was completed, the solvent was removed by distillation, the obtained residue was dissolved in the mixture of ethyl acetate and THF, and the solution was worked up with 15 % NaHCO 3 . The organic layer was washed with water until neutral, dried (MgSO 4 ) and filtered. Then the solvents were removed and the crystalline material was obtained. The crystals were filtered off, washed with 2-propanol and recrystallized from dioxane to obtain 4 (1. (20 mL) for 2,5 h. After the reaction was completed, the solvent was removed by distillation, the obtained residue was dissolved in chloroform and the solution was worked up with 15 % NaHCO 3 . The organic layer was washed with water until neutral, dried (MgSO 4 ) and filtered. Then the solvents were removed and methanol (10 mL) were added. The crystals formed over the night at -5 °C temperature. The crystals were filtered off, washed with 2-propanol to yield 4 (1.8 g, 45%). C) 1 (3.6 g, 10 mmol) was refluxed in epichlorohydrin (16 mL, 0.9 mol) and acetic acid (2 mL) for 23 h. The reaction mixture was stored at room temperature and after 2 days crystallized. The crystals were filtered off, washed with water and diethyl ether to yield 4 (0.5 g, 9%), mp 266-268 °C. The analytical data is in accordance with that from A. 4,4'-(1,4-Phenylen)di(2-acetyl-1,2,3,4-tetrahydrobenzo[f]quinoline) (6). 4 (2 g, 4 mmol) was dissolved in acetic anhydride (20 mL) and the mixture was heated at 100 °C for 4 h. After termination of the reaction, upon cooling a crystalline product formed. The crystals were filtered off, washed with water until neutral, then with diethyl ether and recrystallized from THF/dioxane: 1/6 to yield compound 6 (1.3 g, 53 %), mp 263-265. 
